Abstract -A recent suggestion, that transition metal complexes of unsaturated ligands can be regarded as cruciconjugated, is explored by studies of various complexes of Fe(II), the aromaticity of the resulting i systems being analyzed in terms of PMO theory. This approach is also applied to porphyrin. The conclusions are supported by preliminary SCF and MNDO calculations.
INTRODUCTION
The concept underlying cruciconjugation was first introduced twenty-five years ago by Dewar, Lucken, and Whitehead (ref. 1) in a discussion of the structures of the cyclic polyphosphonitrile chlorides (1).
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These had previously been regarded as cyclic conjugated species in view of their apparent analogy to cyclic polyenes; cf. 2 with 3. Craig (ref. 2) indeed had developed a detailed theoretical treatment of them on this basis, assuming them to be planar, with the two relevant d AOs of each phosphorus atom oriented radially and tangentially (4), the radial AOs being neglected. The system in 1 is thus treated as a cyclic system of 2n AOs, formally analogous to that in a cyclic 2n polymethine. Craig noted, however, that each d AO introduces a phase dislocation into a system (see 5) . Conjugated rings of this kind consequently fall into two classes, depending on whether the number of d AOs in the ring is odd or even. If it is even, the rules for aromaticity are the same as for cyclic polyenes, i.e. Httckel's rules, while if it is odd, the rules for aromaticity are inverted (refs. 3,4) . On this basis, all cyclic phosphonitrile chlorides should be antiaromatic, a conclusion of variance with their observed properties. Antiaromatic compounds are typically unstable, show bond alternation, and absorb visible light, whereas the phosphonitrile chlorides are very stable, have equal PN bond lengths, and absorbs only below 220 nm. In the cases so far considered, cruciconjugation involves crossing at the terminal AO5 of the Complexes of this kind have hitherto been treated as though the orbitals in them were virtually confined to the ligands or to the metal. The metal-ligand interactions have been treated as electrostatic (crystal field theory) or by using perturbation theory. In particular, discussions of the aromaticity of metal porphyrin complexes have centered on the ligand, little attention being paid to the role of the metal. Here we report preliminary studies of some planar complexes of ferrous (Fe(II)) iron with unsaturated ligands, the relevant d AOs of iron combining with the latter to form cruciconjugated systems. The characteristics of the latter are discussed in terms of simple PMO theory (refs. 8,9) , which has proved very effective in applications to normal conjugated systems. Those in metal complexes admittedly differ from normal systems in that the corresponding singlets are often higher in energy than higher spin states, due to the presence of low-lying unoccupied AO5 or MO5. In this preliminary study we will consider only singlet states directly, the possible intervention of the higher spin states being inferred from their likely excitation energies. 3) and PMO theory (refs. 9,11) has confirmed Craig's (ref. 1) conclusion, that cyclic conjugated systems are of two types only, one obeying Htlckel's rules and the other the antithesis of those rules, according as the number of phase dislocations in the ring is even or odd. In 8 it is even, so 8 is indeed an antiaromatic analog of 10. Such species form stable dications and dianions, the two NBMO5 being either both empty or both doubly occupied.
Since the ligands in 8 provide twelve electrons, iron must provide two, both the "NBMOs" being full. Thus while the d(xz) and d(yz) AOs are both used in the cruciconjugated ring, the resulting bonding and antibonding MOs have room for only two of the iron d electrons.
The orbitals in a cyclic polymethine, apart from the lowest and highest, appear in degenerate pairs. The degeneracies in 10 will be removed in 8
because of the differences in electronegativity between nitrogen, iron, and carbon. An antiaromatic alternant hydrocarbon (AH) has two nonbonding MOs (NBMO5), one confined to starred atoms and one to unstarred ones (refs. 8,9) . Since all the nitroqen atoms in 8 occupy starred positions while both d AOs are unstarred, the starred "NBMO" in 8 is lower in energy, and the unstarred one higher, than the NBMO5 in 10. It is easily seen (cf. refs. 8,9) that the differences in energy are (2/3)A(N) and (l/3)A(Fe), respectively, A(N) and A(Fe) being the coulomb integrals of N and Fe, relative to carbon. Thus the starred "NBMO" in 8 should be somewhat higher in energy than a nitrogen 2p AO while the unstarred one should be somewhat lower in energy than an iron d AO.
The cruciconjugated system in 8 has C(2v) symmetry. One member of each pair of MOs in 10 consequently has a node at the positions corresponding to the d AOs in 8. It is also easy to see that the positions in 10 corresponding to nitrogen in 8 are close to antinodes in the LUMO with nodes at iron. The corresponding MO in 8 should therefore be much lower in energy than its counterpart in 10.
In 8, two of the electrons from iron occupy the Fe-like "NBMO". Two more should occupy the d(xy) AO which is next in energy, since it is not significantly destabilized by interactions with the ligands. The last two The lower hoinolog (7) show that porphyrin can be treated by a simple extension of the same techniques, an approach which should moreover be applicable to other analogous systems.
The hydrocarbon analog (16) I eHØ+d = 2aB
The corresponding EU is thus 4aB, just double the EU for formation of 22. Indeed, since first order perturbations are additive, it is also the EU for simultaneous single union of both Me(l) and Me (3) Consider now quadruple union of Me(l-4) with 17 to form porphyrane, (16) , the hydrocarbon analog of porphyrin. Here again it is convenient to replace the methyl AOs with symmetry orbitals 0l_4 given by:
Here 01 and 02 have, respectively, A and B type symmetry in the D(4h) point group, while 03 and 64 correspond to an (inherently degenerate) E-type pair. (28) Indeed, the stabilization achieved in this way may be partly responsible for moving iron out of the plane of the prophyrin ring.
Since the d(z2) AO in Fe(II) prophyrins is thus singly occupied, such species react rapidly and irreversibly with oxygen to form peroxy radicals, (FeP)OO., which can undergo various secondary reactions. In order to make addition of oxygen reversible, the Fe-O2 must be weakened. This is achieved in haemoglobin, and haem models, by attaching an additional axial ligand, the interaction between its donor AO and the d(x2) AO of iron leading to a bonding MO, which is filled with electrons from the ligand, and an antibonding MO, which is much higher in energy than d(xy). Complexes of this type are consequently of low spin type, the d(xy) AO being doubly occupied. In order to bond oxygen, an electron has to be transferred from the d(xy) AO to the D(z2) AO. The heat of reaction for addition of oxygen is thus reduced by the necessary promotion energy.
THEORETICAL CALCULATIONS
The only calculations so far reported for complexes of the kind considered above have been for certain iron porphyrins, using 
